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flrLtT/lt'*™ - '   ,6•7,•    5 *** nOW ^""'■^ted TVynwin-Green and Fi««u interferometers 
SL^TlSüS ■•••ilr^t- •• i'15 !■ «««l 10-6 m " well as at 0.6328 pm.     This  is  the  first 
nü^SJSÜÜüTü!  ^V* 52 USed  f0r "**',uri^  stress-opt.cal  coeffcient.   in  the   infr.red. 
ThM« interfero-eters are al.o u^ful  for ^a.urinq thermal  expansion,  change mi   index with 
temperature,  and «laatic compliance co«ffici«nt». 

wiM, rj^1\P*P-r/*J,r#"*nt th* method8 U8ed *■ measuring refractive  index,  n.  change of  imi.-x 
aL  el!^ ,',   ^   Une*r  ther,Ml   "■■"■«■■■.—W«i-t.   a. »ress-optic^l  ^efficients,   q     , 
Su.. S 33%^ ^".L'«;.  ^ r1'0 rePOrt 0n re8Ult8 0btained 0n A^S3  •»-«.   - chalcogenid^' qla..   (Ga 33%,  A*  12%,   Se  M%), polycry.talline ZnSe,  and single crystal  KC1. 

The g!l?!tvUdn/^a!l!r^n^ f " and dn/aT by U8in9 P"ci»lon refractometry methods  in Section  2.2, 
«re re^rtld Tor KCl        t*ined ne*r r00" te«Pe"">« ^ "«asuring n at 20'C and at  30»C.     Results 

of flon'r8*0^0"  2'3 ? di,cu"" **• «•••urament of therr-il expansion and dn/dT up to a  temperature 
or  BOO C.     The»« »eaaurement«  involv« the use of Fireau  fringes. 

in itotroDic^J^.T! ^'CU" th! Be-8urement °f -tress-optical coefficients and elastic compliances. 
coefficW^      ^ *■*— tvo [ '"■> «l«tic constants and two independent  stress-optical 
^!lx^    ^\ T    ^!.0f ,Vy»an-Gwn «"d M«" interferometers  in conjunction with  samples  under 
uniaxi.l and hydro.tatic co«pr...ion .upplie. us with sufficient data for obtaining all  the  constants. 

•i^r.irÄiiSisrsLr' re8ult•of Bea8urin9 q^ **8i2 on the ^^^ •>—. ^i 
2,2 "•ffctlv Index and Change of index with Temperature 

laser!" JJ? üü^ T P!1'""41 windov• and —"»■> °Ptical component materials for high-power 
tTTi. M St^^rJü 0f the m0"t Promisi^ candidates.  It has useful transparency from 

Jm£ S«12S 2 fn"."idttanc€ betw*'n 0-45 ^14 um)- Thi8 cover8 window SSSu- in 
2.2.1  Index Data 

10 x 10^i «d^h^J  »? =o—ercially grown crystal wa. used in thi. study.  The prism faces «re 
cL^LwnL-V f !? "* ""^ near 60'- **  ref"cti^ in«** mt  measured by means of the 
■Jo" in fT™ÜVr !l T" ü^ Wlth tW0 P"ci»i0" spectrometers.  The spectrometer schematic 
par^ n ST^!    !'i9M<5 '^ Vi8ib1' r"9i0n «f"ctometry and is capable of accuracy of several 
non-vi ib e .JZl^^'r'^'*^ '"^  ln fi9Ure lb W10** ""™ ****  -"d ****  i" "e 
S pi^i^rfor iioh9^', lü i8,Cap'ble 0f ■>—-> °f "ver^l parts in 10^.  Both instruments 
iSl!!^SVS  ^ ' ntB»min  index measurements have been described in previous 

lengt^f^rj^rir^T"'8^" B*d• 't contro11^ r°™ temperatures near 20-C at 60 wave- 
f™ the ™ct« „^ ? Ä Ultr'violet to 14-3 •• »• the infrared. The wavelengths were selects 
fS o n^r !     «l"ion sources of Hg, Cd. He. Cs and Zn, and from calibrated absorrMon bands 

i rÄErrÄrsÄrrsL.*8erie8 of caubrated narrow-band fiite" 'a8 ^-^ 

over-all chang. of 2 x lO'«.    At 10.6 um the value of the  refractive  index Tsl.!^' at  20«c       "   ' 

evalul^d'rlfr«!^1?«^ nea8"r«-n* *••?■ »■ «^ supplemented with a compilation of critically 
O^I^H r,f"c"v«  indlcas of key laser materials.    A  literature  search has  turned up  fourteen 
I 0 lilt ^r"    ^      ' Wl^ rfr'Ctive indM of KC1-  ^e data cover the wavelength range  from 
t o^t«^! V ^    22 stained by a variety of experimental  techniques.     It  is  interesting 

^ere Lde tn mflJTSi   nt™ ^ÄTT t0 ^ de  i9ne"'   t'e •',08t -ccurate^L^rLents were made in 1901   U0J.   1908   til),  and 1927   (5J.     The crystals measured were natural  salt    and 

rjuTJSL^J 2: 5*!     8 own in fi9ure 2-The NBS
 

vaiues -" ^^ -ind- 5 
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Figure 1.  (a) Schematic of spectrometer used for visible-reqion 
refractometry.  A. source; B. divi^od circle; C. prism table; r).  collimator; 
E. telescope, (b) Schematic of spectrometer used for nonvioiblc-region 
refractometry.  A. source,- B. divided circle; C, prism table; F. colli- 
mating mirror (fixed); G, movable mirror; H. detector. 
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2-2-2    Thtntl Co«ffici>nt of  Index 

varies  fror  -2.  TlO"» K^'   t J%? ^'^    ^ T TJlW ^  8hOWn in  fi9Ure  3-     *" value of dn/dT 

about  -3.0 x  10-5 K-° in th. L?««^^ ,X /      " 14-3 Un!  dn/dT rcm•in• ***** constant at 

been ob.erved    n hiud. «v^U  tl!t ^    H 32 "V'"«'11* hi9h" *« tho.e of NBS.     It has 
n«iid. cry-UU that th. ab.olute valu. of dn/dT increases with  increasing temperature. 

2,3    Th«™l Expansion and Change  in Rafractive  Index with TemperarUr> 

to a SLSSi of^'c^n0^96.0' refr?Ctive  indM with te.nper.tu. -  dn/dT „ay be measured up 
vi.ibl.T!rtTthc !pectr^ Z^*9"***** nethod ** u8" Fi"'" type  fringe,   [14,.     m the F«. or  cnc  spectrum these measurements can be made simultaneously. 

.nd is calibrated tn^Tt^r^r^rtrT' ^ H  ^ "US ,iUC* plate'   T' 
center sec of fringes  LTIILÜS^ÜZÜ Ü    ^ rin9e8 8erVe " ^ ''P'10*1  thennometer.     The 
is used to calculate the T.nJl  i       T      f' tOP f- b0tt0m »urf«c" ^ the  index samplo.   P.,   and 
lower Pllte "i Sa 'no  frSai: jSTtTJ^    T"* ^ '^  '* *  *~*™ - the 
the slight wedge introduced ^t^!«^ ?  interface.     The  third set of fringes  is  formed by 
are separated by  STSlIltlSlfVW V?*'  !'  ^ th*  l0Wer plate'  T'  when these  fringes 
These fr.nge. are u'ed^o 'itain^^hf^ ' f* ft™ ^ *" material a8 *" in^x s«>Pl«.   "■ 
furnace and the 'hift.  In  tL    hreT.2^ fT"    0n-     5 ' P""nbly " heated by a Vert-al  tube 
ot  35 mm film a. a faction of t^rlt^' frin9'• '" t'COrd'd "^«■"■■l* on a single strip 

—^<?gTjiTrM"?enerated by the 'mpie of thickneM' *' *"•refractive index' "■ ^ 
NX  - 2nt. , 

r^.^s'twLe^hroSh'Lr^le'.r'1 the
i 

frin'e "^^  ■•  ^en monochrcmatic light  of wavelength, 
ture"? T.  JiSÄrTtTÄS thaT1  lnCidenCe-     * di""-tiating with respect to tempera-' 

dn ,  X_ AN      ndt^ 
dT '  2t AT "     IT     - (2) 

tTj^ÄÄSjE^ZÄ ah a r^Ä ^ tempe"tu"  «*" the .umber of  fringes sample   [15] «'«ence and  from the change of thickness obtained  from the  thomal  expansion 

JM* a modification of the above method,  we  intend to extend  the measurement 1 dn/dT to the 
infrared. 

2,4 M«""rement of Stress-Optical Coefficients .nd Elastic Consent, 

well unlr^^le^n^rat^Lrha::^""01'""1 COeffiClent9 in the inf-"d i8 « «*■•■ 
However, these data are^tff^" ^Ü^STZ ^S^Si^S^ Vl^Z^ 

■ lli^lB - -  ~   ■ —    
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Figure  4.     Interferometer assembly  for  the measurement of  thcmal 
expansion and  thermal  change  in refractive  index.     E.   an  interferometer  platt; 
S.   thermal expansion specimen;   P.  refractive  index specimen;  T.   inter- 
ference thermometer;   ME,   MR,  and M^,,  reference  lines  for  the  interference 
fringes of thermal expansion,   refractive  index change  and  temperature 
change. 0' 



•tressc«, tMcais« they measure only the relative stress-optical coefficients ((q,, - q.,) and uL. for 
cubic material.).  He know of only one paper which presents measurement, of q,, and q ' .eparately at 
rr' Um  l51' "*  th"M ■••■ur«.nt., which were done on Ge, did not give the sign of the coefficients. 
Both qu ind q12, m cort-i lation with tha elastic constants, are necessary for calculating the optical 
distortion du« to stresses fro. thanwl cradient. in optical materials (1.2).  Inde« chan^.  I,, to 
the.e stresses can be even greater than .hange, in index due to a ri.e in temperature.  For exarple, 
in a material tailored to have dn/dT ■ 0, the changes of index will be due solely to the stress- 
optical effect 

2.4.1 Apparatus 

Ai3n
C0T?ti0n*1 'IVVm*n-Gre«n interferometer, are used (16).  The Twy»an-Green interferometer at 

.bj28 and 1.15 um  UM. heliu«-reon lasers a. .ource..  The fringes are observed with a silicon matrix 
viaicon camera. 

The Twys«n-Green interf.rometwr at 10.6 Vm  uses a C02 laMr .ource, a gennaniui. bear, expander, 
and a germanium beam .plittar.  The fringes are viewed either on a liquid cry.tal detector or on a 
coMMrclal thermal image plat«. 

For uniaxial loading, the specimen, in the fon« of a rectangular parallelepiped is compressed in 
a rectangular frairj .crew clamp equipped with a calibrated load cell and a digital readout volumeter. 
A photograph of the stressing apparatus with the voltmeter is shown in figure 5. 

2.A.2    ExperiBk-ntal Procedure 

of .J*^  ü"1?1' ^P1*0**1 within on« *"" °' ^e Twyman-Green interferometer.  The fringe shift per unit 
for «tr.!f    "^' ?,ft8ured for ■trM» P««llel to the polariration of the radiation, AN^iP, and 
for stress perpendicular to the polariration of the radiation. AN2/AP. 

The sample, It.elf, function, a. a Tizeau interferometer if the face, are properly polished; 
K^, ^T* frin9•■ •" stained iron, reflections from the sample surface..  The fringe shifts 
ANVAP^äNVAP"*' 

P'raU'1 and ^^ndicular to the polarization of the radiation «re, respectively, 

For an isotropic material we obtain 

•II 
X      /•  AN]        AN,   |        \     ä  ANp 

■2t[ÄP~"Äp"J"2t|ÄP~ 
AN2 

ÄP~ (1) 

\     AN, 
<lll ■ — • (n - 1) .,2 

n3t AP 
(4) 

X  AN2 
in m ~ ♦ h- II .,2 

n't AP 
(5) 

Additional «xperim«ntal data can be obtainad by measuring the .tres.-induced birefringence, 

^n!^  ? f !!;ran9e!!nt i8 "hOWn in figure 6-  "■ •tre88 i8 «PPl^d W w^h respect to the 
STjL&^Sf!:  The.an?lyZer i8 0riented Parallel t0 the incident ^^«ization' The uniaxial 
effective v .1 . h!,^   ' inCr"'ed "«» «tinction is obtained.  The loaded specimen then acts 
STSTä Z l ^mS^'  and ^'^^^  *>■ *°*>1* P******  of the U^ tSMlh A. specimen, 

qil " "Ju " V(2n3Pt). (•) 

ÜÜJ'1!!',0' qi1 '^J2 trCn  J*- ,»*Murement of birefringence is more precise than the value of q,, 
obtained from «q. («j and (5). Wm,  we calculate ,,. and fc. from the sum q., ♦ -,„ obtained by 
friiaL^'J ' A i5i' 'nd.tha di""— •!! - Hi «»- eq1^).  Thi. «..urü us ^t t^ b^e-' 
fnngence calculated fro« the numerical values of q,, and t|| equals the measured va ue. 
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Figure 5.  Stressing apparatus with specimen, load CP11, and digital 
voltmeter readout. ,(■ 
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